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(54) Drying treatment method and apparatus 

(57) A drying treatment apparatus for drying 
cleaned semiconductor wafers comprises drying gas 
producing means (41) connected to a drying treating 
unit (30) through a drying gas supplying pipe line (32). A 
f lowrate controlling diaphragm pump (50) is provided in 
an isopropyl alcohol (IPA) supplying pipe line (32) that 
connects an IPA tank (48) and the drying gas producing 
means (41). An gas supply source (52) is provided 
for supplying nitrogen gas into the drying gas producing 
means (41). and a heater (44) is disposed within the 
drying gas producing means to produce a drying gas. 
As a result of this, the amount of the IPA supplied to the 
drying gas producing means (41) by the diaphragm 
pump (50) is controllable, thus enabling the concentra- 
tion of the IPA contained in the drying gas to be main- 
tained at a value within a range of from 3% to 80%, 
inclusive, and enabling the temperature of the drying 
gas to be maintained at a value within a range of from 
80* to 150^ inclusive, due to the heating by the heater 
(44). The above feature enables improvement of the 
drying efficiency and reduction in the amount of con- 
sumption of the drying gas. 
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Description 

■BACKGRQLJNin OF tuf iMv/FMTinM 
* Field of the Invention 



Pescriptlon ofthp Roiflt^Art 

LCD glass substrate (hereinafter referred to as -a w^en^^^ 

by the use of a cleaning treatment app^L to ^^1^"^^ '='^"'"9 ^ "^e 

Wng the deaned wafer by thelTatadrytt^^SS^^^^^ 

atile organic soK,ent such as IPA (isopropShol) „p!l? ^'^"^"^ ^ •^^""9 a vol- 

gas is caused to contact with an oLje« to be 3 ^^T^Z 1"^' ^ ^ « "rying 

*^ng treatment section. The vapo of the^nSSsTthen c^llJTt"'* "^^ a«ommodafed within me 
Whereby the object is dried. In th^ype of dS^^em me^ .h h "^^^ °" *^ removed. 

=e<^::r;zt^t^rsr^^^^^ 

section tends to be affected by the condition ^°hTn *e d^a t^IIS^^T'i'' ^J"'"'"' '"^'"^ ""^"'^^'^ 
the Cleaned ob,ect to be treated which is at a lovTterTeS I'tT. ^' ^^'^V "y 

IS suppressed. Furthermore, the heat of the v^r ZSJ^hf organic soVent 

ity of the object to be treated, so that S,e teZ^^Li offlfe v^r^r^ . 11 ' ^Por>z^^ is taken away in the vidn- 
there occurs a state in which no drying gas S^fl^^n Z dr^ t^^rT "^^^ 
t-onofthedrvnggasisverylowevenSfhedSaT^felsoSH^^^^ 
low. If the drying gas conSnuestobeproducStertteS^^^^^^ 

organic sol>rem will increase undesirably above^nentioned state, the amount of consumpfion of the 



, « s» »V W6 piU«j 

organic solvent will increase undesirably. 
SUMMARY OF THE iNVFMjp^i 



[0005] The present invention has been made in i/i<«,nUho=h~- J u ^ 

vkie a drying treatment method and appals IS «„^k "^""^ «rcumstances and has an object to pro- 
and temperature of the drying gas a^n ™,^h^tt. "T"* °' ^ concentr^on 

' °Pe'ation,therebyincrea^ng.hedryingX^ande^^^ 

I0006J To attain the above object, aairdi,^ to an asoe^Z n^^^ <" the solvent 

method Which comprises thestU of: miSindhe^tSas^^^^^^ 

plying said drying gas into a drying treatment charted ^^^l^ T ^ P"^""^ «^'>''"9 9«=: ^nd sup- 

contained in the drying treatment chamber, to dryr*^- S «t .T '° ^ '° 
|n a range Of 3 to 80% and the dr,ng gas has aC^Se^S 

supply source;an inert gas supply source dryingqasD^nn^ '"^ ^" '° •f^**^' ^ ^h'ent 

an inert gas, and a heafing untt to receiv^na a n=?S^^ k ' '"""^'"9 ""'""9 "^^^S a solvent and 

.oproduceadryinggas.aUe«sTp^y;^ere^^^^^ 

contrc^lable solvent feed means pro,S in ,hr^^^rt^,f^^^^^ '"PP'" ^ *e mixing unit; a flowmte- 
inert gas supply source to the mixing unit- a Co s^J r ^" '""^ <»""«<=«n9 the 

the drying treatment chan*er to se,?f the drJSlS dK^^""^"^ the drying gas producing means to 
set to produce such a flowrate of the solve7whlh^useI a 'S^^^^ "^"^ 
..^edlnarangeof.rom3toS0.:ands.dheating-:r^^^^^^^^ 

lorL?J""'^'"'''^'''^"«'~*«'^--Vbestationarybutpre,era«ybem^^ 
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[0017] 

Fig. 2 is a schematic side view of Rg v 

' P^asen', i^e'SoT' ' '-"--^ ^--^''^ «o me 

^ Fig. 7 is a perspective view on an enlarged scale, showing a main part of Rg, 6. 
DESCRIPTION OF THF PRFr cRRED EMRnn| luiCK|TC 
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[0020] The cleaning treatment system is comprised mainly of a conveying section 2 to and from which a container, 
such as a carrier 1 , for accommodating therein semiconductor wafers W (objects to be treated) in a horizontal state is 
conveyed, a treating section 3 for liquid-treating the wafer W with the use of a chemical liquid, a cleaning liquid or the 
like and for drying the wafers W, and an Interface section 4 which is located between the conveying section 2 and the 
treating section 3 and in which delivery, positional adjustment and attitude change operations of the wafers W are per- 
formed. 

[0021 ] The conveying section 2 is comprised of an inlet part 5 and an outlet part 6 which are juxtaposed at one end 
of the cleaning treatment system. The inlet part 5 is comprised of a receiving portion 5a for receiving the carrier 1 from 
an upper conveying mechanism 7 (Fig. 2) and a delivering portion 5b for receiving thereon the carrier 1 conveyed from 
the receiving portion 5a horizontally On the delivering portion 5b there is disposed a carrier lifter 8 (Fig. 2) for conveying 
the carrier 1 between an upper position and a conveying-in port (not illustrated) of the interface section 4. Also, on the 
outlet part 6 there is disposed a carrier lifter 8 for conveying the carrier 1 between a conveying-out port (not illustrated) 
of the interface section 4 and an upper zone. By the use of these carrier lifters 8, it is possible to convey the carrier 1 
within the inlet part 5 and outlet part 6 and it is also possible to deliver an empty carrier 1 to a carrier waiting part 9 pro- 
vided at an upper zone of the interface section 4 and, as indicated in Fig. 2. to receive the empty carrier 1 from the car- 
rier waiting part 9. 

[0022] The interface section 4 is comprised of a first compartment 4a adjacent to the conveying section 2 and a sec- 
ond compartment 4b adjacent to the treating section 3, the first compartment 4a and the second compartment 4b being 
partitioned by a partitioning wail 4c. And within the first compartment 4a there are disposed a wafer take-out arm 10 
which is movable in the horizontal direction (X and Y directions) and vertical direction (Z direction) and rotatable (in the 
e direction) and which is intended to take out and convey a plurality of wafers W from the carrier 1 of the inlet part 5 
(specifically, the delivering portion 5b), a notch aligner 1 1 for aligning the notches each formed in the wafer W, a gap 
adjusting mechanism (not illustrated) for adjusting the gaps between the plurality of wafers W taken out by the wafer 
take-out arm 1 0, and a first attitude changing device 1 2 for changing the state of the wafer W from a horizontal state to 
a vertical state. 

[0023] Also, within the second compartment 4b, there are disposed a second attitude changing device 1 3 for changing 
from the vertical state to the horizontal state the wafers W received from a wafer conveying arm 23 as later described, 
the wafer conveying chuck 23 being intended to convey a plurality of treated wafers W from the treating section 3 in a 
state wherein these wafers W are kept vertical, and a wafer accommodating arm 15 which is movable in the horizontal 
direction (X and Y directions) and vertical direction (Z direction) and rotatable (in the 6 direction) and which is intended 
to receive from the second attitude changing device 13 the plurality of wafers W whose attitude has been changed to 
the horizontal state by this second attitude changing device 1 3 and to accommodate these wafers W into the empty car- 
rier 1 which has been conveyed up to a wafer receiving part 1 4. It is to be noted that on the wafer receiving part 1 4 there 
is provided a carrier lifter 8 for conveying the carrier between the wafer receiving part 14 and the carrier waiting part 9. 
Furthermore, in the carrier waiting part 9 there is disposed a carrier conveying robot 16 for moving to a prescribed wait- 
ing position the empty carrier 1 whose wafers W are already delivered by the wafer delivering portion 5b or the earner 
1 having the wafers W accommodated therein in the wafer receiving part 14, or for moving to above the outlet part 6 the 
wafer W accommodated carrier 1 that has been conveyed from the wafer receiving part 14 to the carrier waiting part 9. 
[0024] On the other hand, in the treating section 3, there are disposed in a linear an-angement a first treating unit 1 9 
for removing particles or organic contaminants adhered onto the wafers W, a second treating unit 18 for removing 
metallic contaminants adhered onto the wafers W. a third treating unit 17 for removing oxide films adhered onto tiie 
wafers W and a chuck cleaning unit 20. It is to be noted that a drying unit 21 is disposed above the third treating unit 
17. In this case, a drying treatment apparatus according to the present invention is applied to the drying unit 21 . The 
above mentioned wafer conveying arm 23 is movable in tiie X and Y directions (tiie horizontal directions) and Z direction 
(the vertical direction) and rotatable (in the 6 direction). The wafer conveying arm 23 is disposed on a conveying pas- 
sage 22 provided In such a way as to extend from the position opposing tiie respective units 17 to 20 to the interface 
section 4. 

[0025] Next, the drying treatment apparatus according to the present invention will be desaibed. 
(First Embodiment) 

[0026] Fig. 3 is a schematic view Illustrating a first embodiment of the drying treatment apparatus according to the 
present invention and Fig. 4 is a schematic sectional view illustrating an example of drying gas producing means con- 
stituting a part of the drying ti-eatment apparatus according to the present invention. 

[0027] The drying treatment apparatus is comprised mainly of a drying treating unit 30 having a treating chamber 30 A 
for drying wafers W, a drying gas producing unit (drying gas producing means) 41 connected to the treating chamber 
30A through a drying gas (a gaseous mixture of an organic solvent and an inert gas) supplying pipe line 32. a tank 
(organic solvent supplying means) 48 for an organic solvent, e.g. IPA (isopropyl alcohol) connected to the drying gas 
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producing unit 41 through a supply pipe line 49. and a nitrogen (Nj) gas supply source (inert gas supplying means) 52 
which serves to supply the drying gas to the treating chamber 30A and supplies the inert gas such as N. gas which is 
also a constituent component of the drying gas. to the drying gas producing means 41 through a supply pipe 53 Also 
flowrate controlling means, for example, a diaphragm pump 50. which feeds the IPA and which controls the flowrate of 
the IPA, IS provided on the IPA supply pipe line 49. 

[0028] The drying treatment unit 30 is comprised of a drying vessel 30a having a bottom opening SOB and made of 
quartz the drying vessel 30a having a vertical sectional shape which is substantially like an inverted U. and a quartz 
rriade bottom plate 30b disposed so that it can dose the opening 306 of the drying vessel 30a from the lower side 
thereof. A seal member 36 is disposed at a portion wherein the drying vessel 30a and the bottom plate 30b are adjacent 
to each other in order to keep the interior of the treating chamber 30A gastight. Within the treating chamber 30A of the 
drying treatment unit 30 there is disposed a retaining member 31 for retaining thereon a plurality of. for example fifty 
wafers W which are the objects to be treated. ^' 
[0029] A discharge pipe 37 having a discharge valve 38 provided therein is connected to the bottom plate 30b so that 
used drying gas can be discharged. TTie drying gas supplying pipe line 32 passes through an upper portion of the dry- 
ing vessel 30a and drying gas supplying nozzle pipe 33 is disposed on an end portion of the drying gas supplying pipe 
hne 32 situated on an upper side of the treating chamber 30A. It is to be noted that the drying gas supplying nozzle pipe 
33 may be of any type if it enables a uniform blowing of the drying gas with respect to the wafers W. As the nozzle pipe 
33. there can be used, for example, a pipe having a number of nozzle openings disposed along the length thereof ft is 
also to be noted that the drying vessel 30a is formed so that the drying vessel 30a can be vertically and horizontally 
moved by an up-and-down and horizontal movement mechanism not illustrated, whereby the conveyance of the wafers 
W into and out of the drying vessel 30a can be performed by upwardly elevating the drying vessel 30a and then hori- 
zontally moving the same. 

[0030] A heater (heating means) 34 is disposed on an outside portion of the drying vessel 30a. The heater is arranged 
so that the condensation of the drying gas within the treating chamber 30A is prevented by the heater 34 which heats 
the side wall of the drying vessel 30a up to a temperature of. for example. 50*C or so. 

[0031 ] An exhaust pipe 40 is connected to one portion of the side wall of the drying vessel 30a. Furthermore on the 
portion of this exhaust pipe 40 outside from the drying vessel 30a there is provided a vacuum pump (pressure-reducing 
means) 39. The vacuum pump 39 is adjustable so as to reduce the pressure as gently as possible at the time of the 
start and end of the pressure-reducing treatment. By using this construction, it is possible to bring the interior of the 
treating charnber 30A into a state of reduced-pressure atmosphere while the drying gas is being kept supplied thereto 
after having been supplied into the treating chamber 30A. and It is also possible to increase the drying efficiency by 
making the interior of the treating chamber 30A into such a state of reduced pressure. At the time of the start and end 
^1 A I'^'^T® "^'"^ treatment, it is possible to suppress a rapid change in the pressure within the treating chamber 
30A by reducing the pressure as gently as possible, and therefore it is possible to prevent bad effects from being 
exerted on the wafers W. for exarrple. prevent a damage to the wafers. 

[0032] As shown in Fig. 4. the drying gas producing unit 41 is comprised mainly of a closed vessel (mixing vessel) 42 
made of quarb or the like and intended to cause the IPA and N2 gas to be mixed with each other, a plurality of vaporiz- 
ing dishes 43 disposed one above another within the dosed vessel 42 in parallel with each other and In multiple Sages 
so ^to permit the IPA lK,uid to be stored therein for Its vaporization, a cylindrical quartz-made hollow support column 
42a for supporting these vaporizing dishes 43 in the above^iescribed state, heaters 44 disposed respectively within the 
support column 42a and at the side and bottom portions of the outside part of the dosed vessel 42. and heat-insulating 
members 45 provided in such a way as to cover the outside parts of the heaters 44. In this case, the vaporizing dishes 
43 are each rmde of a material having an excellent heat conductivity and also a high corrosion resistance, such as 
stainless steel or quartz. At an upper part of the dosed vessel 42. an IPA tenk 48 is connected thereto through an IPA 
supplying pipe line 49. Furthermore, at one side of the outside part of the closed vessel 42. a nitrogen (N^) gas supply 
source 52 is connected thereto through a gas supplying pipe 53. It is to be noted tl^t a drain ppe 41 a is connected 
nnJoT.'' u ^^^^^ ^° *° discharge of a waste liquid pooled in the closed vessel 42 

[0033] In the above described drying gas produdng unit 41 . the IPA 46 supplied by the purrp 50 from the IPA supply- 
ing means 48 flows down from the uppermost stage vaporizing dish 43 into sequentially lower stage vaporizing dishi 

"1 H^IT' *^'Jr^ ""^'^ ^^'^^ ^' ^^^^^y ff^A gas) is produced. In this 

case, the IPA 46 whidi has overflowed without being completely gasified sequentially flows down further into still lower 
stage vaporizing dishes 43 and is thereby sequentially gasified. Acconiingly. by arranging the vaporizing dishes 43 in 

^hi. wfj ""^ ^''^''^^ "^^ ^" ^"^ can be gasified with high effidency. 

In this way. the PA ^^r that has been produced in the drjring gas producing unit 4 1 is mixed, wthin the dosed vessel 

th« rr.lrL ' ^fV' "^^^^ ^"'"^ ^ *° ^^'^ P^°^"^^ ^ ^^'"9 S^- At the same time. 
th^I^f i^^i"^^^^^ " '° '""^ ^^''"^ "^^^ by the N2 gas in a state where the terrperature 

thereof is maintained by the heaters 44 within a proper range of from 80»C to 150«C inclusive 
[0034] The IPA tenk 48 is made of a material having a high chemical resistance, sudi as fluorine resin, and an upper 
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portion and a lower portion thereof are connected to each other by a bypass drcutation passage 47a. Furthermore, in 
the circulation passage 47a there are provided a circulation pump 47b and a filter 47c enabling the passage there- 
through of the organic solvent such as IPA. whereby impurities such as particles that are contained in the IPA 46 stored 
in the IPA tank 48 can be removed. The diaphragm pump 50 is provided on the IPA supply pipe line 49 connecting the 
IPA tank 48 and the drying gas producing unit 41 . By the diaphragm pump 50. the amount of the IPA supplied to the 
drying gas producing unit 41 is controlled, whereby the concentration of the IPA contained in the drying gas supplied to 
the treating chamber 30A can be adjusted to a proper range of. for example, from 3% to 80%. Inclusive. If the IPA con- 
centration is outside the range of from 3% to 80%, for example, under 3%. the drying ability is lowered while, on the 
other hand, if the IPA concentration is over 80%. an accident occurs wherein no gasification is made. On the other hand, 
if the IPA concentration is within the range of from 3% to 80%. inclusive, the IPA can serve to dry the wafers W. 
[0035] The N2 gas supply source 52 is connected to the drying gas producing unit 41 through the Ng gas supplying 
pipe 53. On the N2 gas supplying pipe 53 there are provided a flowmeter 60 enabling the control of the flowrate and a 
N2 gas heater 51 for maintaining the N2 gas at a suitable temperature. Through the operation of the gas heater 51. 
in cooperation with the heaters 44 of the drying gas producing unit 41 . it is possible to control the temperature of the 
drying gas supplied Into the treating chamber 30A to a prescribed temperature range of. for example, from 80»C to 
150X. When the tenperature of the drying gas is under 80*C. no gasification occurs while, on the other hand when 
the gas temperature is over 150»C. the temperature of the wafers W becomes excessively high, giving rise to a problem 
that damage Is caused on the wafers W. Accordingly, the gas temperature should be in the range of from 80*C to 150'C. 
In this range, the drying gas can serve to dry the wafers W. 

[0036] Next, a drying treatment method which uses the above-described drying treatment apparatus will be 
described. 

[0037] First, the IPA 46 that has been supplied from the IPA tank 48 to the drying gas producing unit 41 by way of the 
IPA supply pipe line 49 is stored sequentially into the closed vessel 42 from the uppermost stage to the succeeding 
stages of the plurality of vaporizing dishes 43 disposed in multiple stages. Next the IPA 46 is heated by the heaters 44 
disposed Inside the support column 42a and outside the closed vessel 42. Simultaneously, the Ng gas that Is main- 
tained at a prescribed temperature by the heating device 51 is supplied into the closed vessel 42. As a result, the 
IPA vapor produced by the vaporization and the N2 gas are mixed with each other to thereby produce a drying gas. In 
this case, the flowrate of the IPA 46 flowing through the IPA supply pipe line 49 is adjusted beforehand by the diaphragm 
pump 50 so that the concentration of the IPA contained in the drying gas may tell within the range of from 3% to 80% 
inclusive, and, in this state, the IPA is supplied from the IPA tank 48 to the interior of the closed vessel 42. It is to be 
noted that during this period of time the wafers W that have been subjected to the cleaning treatment is conveyed into 
the drying treating part 30 and Is kept on standby 

[0038] The thus-produced drying gas is further heated by tiie heaters 44 up to a temperature from 80*'C to 1 50-0 and 
then is sent Into the treating chamber 30A through the drying gas supplying pipe line 32. Then, the drying gas Is sup- 
plied from the nozzles of the drying gas supplying nozzle pipe 33 with respect to the wafers W and is thereby caused 
to contact with the wafers W to dry these wafers. In a state where the drying chamber 30 is interiorly filled with the dry- 
ing gas to some extent, the vacuum pump 39 is operated to thereby start the pressure reduction in the interior of the 
treating chamber 30A as gently as possible. Even thereafter, the pressure reduction continues to be performed while 
supplying the drying gas. so as to maintain the Interior of the treating chamber 30A at a prescribed low-pressure. As a 
result of this, the drying efficiency can be irwreased. After completion of the drying treatment, the vacuum pump is 
stopped for the purpose of restoring the pressure In the treating chamber 30A to ttie original level. Since as mentioned 
above the interior of the treating chamber 30A is pressure-reduced and pressurized as gently as possible. It is possible 
to suppress the damage caused to the wafers W. After the Interior of ttie treating chamber 30A has been returned to 
the onginal pressure level, the used drying gas is discharged from tiie discharge pipe 37 connected to tiie bottom plate 
30b of the drying treatment unit 30. 

[0039] Since the drying gas producing unit 41 and the drying treatment unit 30 are located at positions that are differ- 
ent from each other, the influence of ttie internal state of the drying treatment unit 30 upon ttie state of the drying gas 
is reduced. In addition, since the amount of the IPA supplied to the drying gas producing unit 41 can be controlled by 
the diaphragm pump 50. the concentration of tfie IPA contained in ttie drying gas can be adjusted to a value wittiin ttie 
proper range of from 3% to 80%, inclusive. Furttiermore. through the heaters 44 provided wltti respect to the drying gas 
producing unit 41 , the temperature of ttie drying gas can be adjusted to a value wittiin ttie proper range of from 80«C to 
150«C. inclusive. Further, ttirough the heater 34 provided at ttie side portion of ttie drying treatment unit 30 it is possible 
to prevent the drying gas wittiin the drying treatment unit 30 from having its heat taken away by ttie wafers W and being 
thereby condensed. Moreover, since ttie vacuum pump 39 is connected to the drying treatment unit 30 and furttier ttie 
intenor ttiereof can be reduced in pressure as gently as possible at the time of ttie start and end of tiie pressure-reduc- 
ing treatment, ttie pressure reduction can be effected wittiout damaging ttie wafers W. Furttiermore. since ttie boiling 
point of a nnsing liquid adhered to ttie wafers W such as pure water can be towered, ttie rinsing liquid can be easily 
gasified, witti ttie result ttiat ttie drying time can be shortened. Accordingly, ttie drying efficiency can be increased and 
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further the amount of consumption of the IPA can be decreased. If only gas is supplied into the treating chamber 
30A after the drying treatment operation, the drying gas in the treating chamber can be discharged out of the treating 
chamber. 

(Second Embodiment) 

[0040] Fig. 5 is a schematic view illustrating a second embodiment of the drying treatment apparatus according to the 
present invention. 

(00411 The second embodiment is directed to a case where a gas/liquid separation unit 58 is provided for enabling 
the separation of the used drying gas into an IPA liquid and gas. The gas/liquid separation unit 58 is connected to a 
discharge pipe 37 connected to a lower portion of a drying treatment unft 30. The drying treatment unit 30 is conprised 
of a drying vessel 30c made of. for example, quartz and having a substantially U-shaped sectional shape, a lid member 
30d made of, for example, quartz and capable of closing an upper opening portion 30B of the drying vessel 30c. The 
lid member 30d is formed so that it can be opened and closed so as to enable the wafere W to be conveyed into and 
out of the drying vessel 30c. At a portion adjacent to the drying vessel 30c, a seal member 36 is disposed so thai when 
the lid member 30d is closed, a treating chamber 30A is interiorly kept gastight. A drying gas supplying pipe line 32 con- 
necting a drying gas producing unit 41 and the drying treatment unit 30 is branched midway into two pipe lines, and, 
within the treatment chamber 30A, drying gas supplying nozzles 33 and 33 are connected to the ends of these pipe 
lines, respectively Thus, it is possible to cause the drying gas to contact with the wafers W more uniformly and over an 
enlarged area, whereby the drying efficiency can be increased. 

[0042] The gas/liquid separation unit 58 is comprised mainly of a chamber 55 for receiving the used drying gas. cool- 
ing means such as a cooling coil 54 for condensing the IPA gas, an exhaust port 56 provided in the side wall of the 
chamber 55 and intended to exhaust the separated Ng gas, and a drain port 57 provided in the bottom of the chamber 
55 and intended to drain the liquefied IPA. As a result, the IPA vapor contained in the used drying gas discharged from 
the drain pipe 37 is cooled down to a temperature lower than the boiling point by the cooling coil 54 within the chamber 
55 and therefore is condensed into liquid which in turn is discharged from the drain port 57. On the other hand, the sep- 
arated gas is discharged from the exhaust port 56. 

[0043] The gas/liquid separation unit 58 may be constructed in any manner if it has the above-described function. For 
example, the cooling coil 54 may be made hollow so as to permit a refrigerant to flow through the interior thereof, or may 
be one which utilizes the Peltier effect. Furthermore, the configuration of the gas/liquid separation unit 58 may be like a 
sheet and need not be of a coil type if it provides a high cooling efficiency. 

[0044] Because in the second embodiment the other constituent elements thereof are the same as those in the 
above-described first embodiment, similar elements are denoted by like reference symbols and the explanation thereof 
is omitted. 

[0045] By constructing as described above, the IPA which is a harmful organic solvent is recovered and then the 
gas is exhausted. Therefore, it is possible to prevent the pollution of the atmospheric environment. Furthermore, with 
the use of the two drying gas supplying nozzles 33 and 33 it is possible to cause the drying gas to contact with the 
wafers W more uniformly and over an enlarged area, whereby the drying efficiency is increased and therefore the drying 
time is shortened. 

(Third Embodiment) 

[0046] Fig. 6 is a schematic view illustrating a third embodiment of the drying treatment apparatus according to the 
present invention, and Fig. 7 is a perspective view of a main part of Fig. 6. 

[0047] The third embodiment is directed to a case where two drying gas supplying nozzle pipes 33 and 33 are mov- 
able with respect to the wafers W. In this case, as illustrated in Fig. 7, the two drying gas supplying nozzle pipes 33 and 
33 each formed of a pipe 33b having a plurality of nozzle openings 33a are respectively connected to the same sides 
of one ends of two swingabe links 33c and 33c. Rotatary shafts 33d and 33d are respectively connected to the opposite 
sides of the other ends of the swingaWe links 33c and 33c. The rotatary shafts 33d and 33d have pulleys 33e and 33e 
respectively provided thereon and are arranged so as to be interlocked with each other by means of a timing belt 33f. 
An end of one of the two rotatary shafts 33d is connected to a reversible drive motor 33g. The rotation of the drive motor 
33g is transmitted to the other rotatary shaft through the timing belt 33f and therefore the drying gas supplying nozzle 
pipes 33 and 33 are reciprocatingly movable along circular arcs symmetrical about the center of a circle whose circum- 
ference includes the nozzle pipes 33 and 33. 

(0048] It is to be noted that since in the third embodiment the other constituent elements thereof are the same as 
those in the above-described first and second embodiments, similar elements are denoted by like reference symbols 
and the explanation thereof is omitted. 

[0049] Since the drying gas supplying nozzle pipes 33 and 33 are reciprocatingly moved while ejecting the drying gas. 
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the drying gas can be blown off toward the wafers W more uniformly, with the result that drying non-uniformity can be 
prevented from occurring and simultaneously the drying efficiency can be increased. 

(Other Embodiments) 

[0050] The respective constituent members included in each of the above-desalbed embodiments can be used not 
only in the corresponding embodiment but also In the other embodiments as well. For example, the drying gas supply- 
ing nozzle pipe 33 of the first embodiment may be provided additionally, for exarrple. to provide two or more nozzle 
pipes in the case of the second embodiment. Furthermore, such nozzle pipes 33 may be movably formed as in the case 
of the third embodiment. Moreover, the gasfliquid separation means 58 may be applied to the first embodiment. Fur- 
thermore, the configuration of the drying treatment unit 30 may be exchanged between the first embodiment and the 
second or third embodiment. 

[0051 ] The bottom plate 30b of the drying treatment unit 30 of the first embodiment may be formed into a shutter type 
and thereby made openable and dosable and. in addition, the retaining members 31 located within the treating cham- 
ber 30A may be formed horizontally and/or vertically movably. thereby enabling the conveyance of the wafers W to and 
from under the drying treatment chamber 30. 

[0052] Although in each of the above-described embodiments an explanation has been given of the case where the 
drying gas produang unit 41 has tfie mixing means of the IPA and gas. and ttie heating means provided therein inte- 
grally with each other, the drying gas producing unit need not necessarily be made into such structure. For example, 
the drying gas producing unit may be formed into a structure wherein the mixing means of IPA and gas and the heat- 
ing means are provided separately from each other. 

10053] While in each of the above-described embodiments an explanation has been given of the case where the dry- 
ing treatment apparatus of the present invention is applied to a semiconductor wafer cleaning treatment system, this 
drying treatment apparatus can of course be applied to other treatment systems than the cleaning treatment system. 
And furthermore the drying treatment system can of course be applied also to. for example, the drying treatment of an 
LCD other than a semiconductor wafer. 

[Example] 

[0054] Next, an explanation will be given of a practical example wherein changes of the dried states of wafers W are 
observed and evaluated in relation to changes of the concentration of the IPA contained in the drying gas and the tem- 
perature of the drying gas. with reference to TaUe 1 below. 

[0055] The dried states of the wafers W were observed and investigated after a prescribed time length elapsed from 
the start of the drying treatment thereof, by suitably changing tiie temperature of the drying gas and the concentration 
of the IPA contained in the drying gas. the results being shown in Table 1 below. 
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states of the wafers W were evaluated as being good in regard to all the tests. 

[0057] It is to be noted that the reason why the upper limit of the IPA concentration has been set to 80% is that when 
the IPA concentration is over 80%. the IPA is likely to be blown out in the form of a liquid and this liquid causes the occur- 
rence of non-uniform dryness. While according to Table 1 it is seen that with regard to the temperature of the drying gas 
the range of from SO^'C to 170<'C. inclusive, is good, this result concerns a case where attention was paid to only the 
dried states of the wafers W. When the temperature of the drying gas is over 1 SO^C. damages due to heat on the wafers 
W increases and so this range of over 150'C is not desirable. 

[0058] Accordingly, it has been determined that the range in which a good drying treatment is carried out. reganJing 
the temperature of the drying gas and the concentration of the IPA contained in the drying gas. should be set such that 
the temperature of the drying gas is from 80°C to 1 SO'C. inclusive, and the IPA concentration is from 3% to 80% inclu- 
sive. 

[0059] As has been described above, the dry treatment method and dry treatment apparatus of the present invention 
are constructed as described above and therefore have the following excellent advantages. That is, the drying gas pro- 
ducing means and the drying treatment means are located in areas that are different from each other, and therefore it 
IS possible to lessen the influence on the drying gas. by the respective states of the object to be treated and the interior 
of the drying treatment means. In addition, by controlling the amount of the solvent supplied from the solvent supplying 
means by flowrate controlling means, the concentration of the IPA contained in the drying gas can be controlled to a 
value within the suitable range of from 3% to 80%. inclusive and. also, the temperature of the drying gas can be con- 
trolled to a value within the suitable range of from 80'C to 1 SO'C. inclusive, by the heating means. Accordingly, it is pos- 
sible to increase the drying efficiency, to make effective use of the drying gas and the solvent, and to reduce the amount 
of consumption of the solvent. 

Claims 

1 . A drying treatment method, characterized by the steps of: 

mixing and heating a solvent and an inert gas to produce a drying gas; and 

supplying said drying gas into a drying treatment chamber (30) and causing the drying gas to contact an object 
(W) to be treated, contained in the drying treatment chamber, to dry the object; 

wherein said solvent has a concentration in said drying gas in a range of 3 to 80% and said drying gas has a 
temperature of from 80 to ISO^C. 

2. The drying treatment method according to claim 1 , characterized by the step of: 

reducing the pressure in said drying treatment chamber (30) after said step of supplying said drying gas into 
the drying treatment chamber (30) to dry the object (W). 

3. A drying treatment apparatus, characterized by comprising: 

drying treatment means (30) having a drying treatment chamber (30A) containing an object (W) to be treated; 
a solvent supply source (48); 
an inert gas supply source (52); 

drying gas produdng means (41) including a mixing unit for mixing a solvent and an inert gas. and a heating 
unit for receiving a mixed gas of the solvent and the inert gas and for heating the mixed gas to produce a drying 
gas; 

a solvent supply pipe line (49) connecting said solvent supply source (48) to said mixing unit; 

a f lowrate-controllable solvent feed means (50) provided in said solvent supply pipe line (49); 

an inert gas supply pipe line (53) connecting said inert gas supply source (52) to said mixing unit; 

a drying gas supply pipe line (32) connecting said drying gas producing means (41) to said drying treatment 

chamber (30A) to send the drying gas into the drying treatment chamber (30); 

said solvent feed means (50) being set to produce such a flowrate of the solvent which causes a concentration 
of the solvent in ttie drying gas to be maintained in a range of from 3 to 80%; and 
said heating unit being set to maintain said drying gas in a range of from 80 to 1 SO^'C. 

4. The drying treatment apparatus according to claim 3. characterized by further comprising: 

a drying gas suppfy nozzle (33) provided to said drying gas supply pipe line (32) and disposed in said drying 
treatment chamber (30). 
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5. The drying treatment apparatus according to claim 4, wherein: 

said drying gas supply nozzle (33) is movably provided relative to the object (W) to be treated. 
5 6. The drying treatment apparatus according to claim 3, further comprising: 

an exhaust pipe (40) connected to said drying treatment chamber (30A); and 

^S^OAf^"^* "^^"^ provided In the exhaust pipe (40), to reduce a pressure of the drying treatment chamber 

TO 

7. The drying treatment apparatus according to claim 3. characterized by further comprising: 

heating means (34) provided outside of the drying treatment chamber (30A). for preventing condensation of the 
dryrng gas within the drying treatment chamber (30A). 

16 

8. The drying treatment apparatus according to claim 3, characterized by further comprising: 

a discharge pipe (37) connected to said drying treatment chamber (30); and 

a gas/liquid separation unit (58) provided to the discharge pipe (37). to separate the solvent in a used drying 
20 gas from the inert gas. 

9. The drying treatment apparatus according to daim 8. characterized in that wherein said gas/liquid separation unit 
(58) comprises: ^ ^ 

25 a drying gas chamber (55) for receiving a used drying gas; 

cooling means (54) for condensing the solvent contained in the drying gas; 

a solvent discharge port (57) provided at a bottom of said drying gas chamtler (55) to discharge the condensed 
solvent; and 

an inert gas exhaust port (56) provided at said drying gas chamber (55) to discharge the separated inert gas. 

10. The drying treatment apparatus according to claim 3, characterized in that: 

said solvent feed means comprises a diaphragm pump (50). 

35 11. The drying treatment apparatus according to claim 3. characterized in that said mixing unit comprises: 

solvent vaporizing dishes (43) disposed in muftistages in vertical direction; and 
means for supplying the solvent into the uppermost one of said dishes (43). 
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FIG. 4 
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FIG. 7 



